In order to make lease decisions and lease stipulations, the U.S. Bureau of Land Management is charged with evaluating the rehabilitation potential and assessing the probable water-resources impacts on any area under Federal jurisdiction where coal might be mined by surface methods. To meet this responsibility, the EMRIA (Energy Minerals Rehabilitation Inventory and Analysis) program was developed. As part of this program, the U.S. Geological Survey was requested to collect and analyze hydro!ogic data for selected areas in eastern Oklahoma that have potential for surface mining of coal. One such area is in + u H1 ?J nit;y of Red Oak in northeastern Latimer County ( fig. 1) Friedman and Woods, 1982) are potentially strippable. Other areas described in reports prepared under the EMRIA program include Blocker in northeastern Pittsburg County (Marcher and others, 1981) , Stigler in north-central Haskell County (Marcher and others, 1983a) , and Rock Island in northeastern Le Flore County (Marcher and others, 1983b) . The purpose of this report is to describe the hydrology of Brazil Creek basin in the vicinity of Red Oak and to assess the potential hydrologic effects of surface mining based on data collected between October 1978 and September 1981. These data include: (1) Continuous or periodic measurement of stream discharge and analysis of periodic samples of water for chemical quality and sediment, (2) records of 103 wells including onsite determination of specific conductance and pH and laboratory determinations of chloride, iron, manganese, and sulfate in water from 51 wells, (3) detailed chemical analysis of water from 7 wells, (4) record of water level in one well completed in bedrock, and (5) record of precipitation at one site.
Information on the geology of the area, as related to the hydrology, is taken from a report by Hendricks (1939) supplemented by onsite observations and interpretation of logs of test holes drilled in 1979 by the U.S. Bureau of Reclamation under contract to the U.S. Bureau of Land Management.
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Data-Site Numbering System
The standard method of describing the location of data-collection sites, such as wells, by fractional section, section, township, and range is replaced by'the method illustrated in the diagram below. The location of the site indicated by the dot commonly would be described as NW 1/4, NE 1/4, NE 1/4, sec. 8, T.8 N., R.25 E. By the method used in this report, quarter subdivisions are indicated by letters and the location of the site is given as 08N-25E-08 AAB 1. The final digit (1) is the sequential number of a well or site within the smallest fractional subdivision.
08N-25E-08 AAB
T. 8 N.
R. 25 E.

Geographic Setting and Climate
The Red Oak area is in the McAlester Marginal Hills Geomorphic Province (Johnson and others, 1972) and is in the Arkoma geologic basin. In this area, the rocks have been moderately folded to form east-trending anticlines and synclines. The landscape is characterized by irregular hills and ridges which generally are capped by erosion-resistant sandstone and covered with brush and trees. The intervening broad valleys have been formed by weathering and erosion of thick, weakly-resistant shale and are vegetated with grasses, shrubs, weeds, and wildflowers. Much of the valley areas are pasture for livestock.
The area has a temperate, continental climate. Spring and autumn usually are mild and summer is hot. Winter is comparatively mild with an average temperature of about 43°F. Much of the rainfall results from short-duration thunderstorms of varying intensity, which are most common in spring and summer but can occur any month of the year. Based on records at Wilburton, the nearest long-term climatic station, the average annual precipitation is about 46 in. which is distributed as follows, in inches: Jan. 1. The occurrence, movement, and storage of ground water in the Red Oak area is controlled largely by the lateral and vertical distribution of rock units and their physical characteristics, especially permeability. Bedrock consists of shale, siltstone, and sandstone of the McAlester and Savanna Formations (pi. 1). Onsite observation, auger holes, and core-drill holes (table 1) show that much of the shale is thinly laminated to blocky, silty, and contains beds of silty sandstone a few inches to a few feet thick. These rocks are weathered to a depth of about 20 ft in some parts of the area. Sandstone units, which comprise about 25 percent of the total thickness of exposed rocks, actually consist of interbedded sandstone, siltstone, and shale. The sandstone layers are very fine to fine grained, are poorly to well cemented with silica and iron oxides, and contain thin layers or laminae of shale and siltstone.
Structurally, the area is dominated by the Brazil anticline (pi. 1) which trends easterly across the area. Because of the structure, the rocks are tilted at the surface exposing bedding planes between the layers of sandstone and shale; these bedding-plane openings are the main avenues of water entry and movement. Other openings for water movement are fractures and joints developed during folding of the brittle rocks. The openings provided by bedding planes, fractures, and joints are limited in size, number, and extent, thus the rocks have limited storage capacity and permeability. Nevertheless, wells ranging in depth from 10 to 299 ft (table 2) and averaging about 77 ft yield enough water for domestic and stock supplies. Wells penetrating bedrock in various parts of the coal field generally yield less than 5 gal/mi n and many yield only a fraction of that amount (Marcher, 1969) ; similar yields can be expected in the Red Oak area.
Unconfined conditions probably prevail in the zone of weathered bedrock. Water in bedrock below the weathered zone is confined and, because of the confining pressure, rises in wells so that in most of the area the potentiometric surface is less than 20 ft below the land surface (table 2); a few wells flow at times. Because of differences in pressure in the various water-bearing openings, the altitude of the potentiometric surface in wells only a short distance apart may differ by as much as 10 ft.
Precipitation falling on and infiltrating rocks along the crest of the Brazil anticline tends to move down the flanks of that structure toward the valleys of Brazil and Bear Creeks ( fig. 2) where the general direction of movement is downvalley coinciding with the slope of the land surface. The gradient of the potentiometric surface in the valley of Brazil Creek is about 10 ft/mi toward the east (pi. 2). Due to the low gradient and the limited permeability of the rocks, the rate of water movement must be very slow -probably only a few feet per year.
Alluvium along Brazil and Rock Creeks has a maximum thickness of about 15 ft and consists of sandy and clayey silt containing cobbles and boulders of sandstone. If water is present in the alluvium, it probably is unconfined. Wells in the alluvium might yield small volumes of water, but they would be likely to go dry during periods of no rainfall. Recharge and Discharge
Ground-water recharge is derived entirely from precipitation falling directly on or near the area. Measurements in various parts of the coal field show that water levels, which reflect the amount of water in storage, typically are highest in spring or early summer indicating that most recharge occurs during that period. Evapotranspiration during the summer growing season removes water from storage and intercepts recharge causing water levels to decline until they reach seasonal lows in late summer or autumn. Intermittent rains of several inches in the summer when evapotranspiration is greatest do not have any significant effect on the general downward trend of the water level. The annual fluctuation of the water level in the Red Oak area generally is less than 10 ft ( fig. 3) as it is throughout the coal field.
Virtually all ground-water discharge is by evapotranspiration. Evapotranspiration in the Red Oak area probably is about the same as in the Blocker area, 25 mi northwest of Red Oak, where it has been estimated at 80 percent of the annual precipitation (Marcher and others, 1981) . The percentage varies from year to year, hov/ever, depending on climatic conditions. Data on the magnitude and frequency of floods to be expected in an area are needed for engineering design of safe and economical structures such as culverts, sediment ponds, embankments, and dams. Regulations stemming from the "Surface Mining Control and Regulation Act of 1977" (Public Law 95-87) refer in particular to the 2-year, 24-hour and the 10-year, 24-hour rainfall for the design of temporary and permanent structures, respectively. Although rainfall is the primary cause of floods, no exact correlation exists between the amount of rainfall and the resulting flood discharge.
Flood-frequency estimates for ungaged, unregulated rural basins in Oklahoma can be obtained by use of equations which were developed for this purpose (Sauer, 1974, and Corley, 1977) . These equations, which were developed by use of flood data from long-term streamf low-gaging stations, utilize annual rainfall, drainage basin area, and stream-channel slope to estimate flood-peak magnitude and probability of occurrence or recurrence interval. Probability of occurrence is the percent chance of a given flood magnitude being exceeded in any 1 year. Recurrence interval is the reciprocal of the probability of occurrence times 100 and is the average number of years between exceedances. For instance, a flood having a probability of occurrence of 1 percent has a recurrence interval of 100 years. This does not mean that each 100 years this flood will be exceeded, but that it will be exceeded on the average once every 100 years; in fact, it may be exceeded in successive years. Flood-frequency estimates for Brazil Creek near Walls and Rock Creek near Red Oak are given in table 7 and illustrated by figure 7. 
Flood-Prone Areas
Heavy rainfall during intense storms results in streamflows that inundate the floodplains adjacent to streams. Approximate boundaries of flood-prone areas can be delineated when water-surface profiles are known or can be computed or when regional equations are available for computations of flood depths for various recurrence intervals. Flood depths for rural, unregulated streams can be estimated by use of equations developed for this purpose (Thomas, 1976) . These equations use the contributing drainage area and the 2-year, 24-hour rainfall to estimate flood depths. The approximate 100-year recurrence interval flood depths were computed for Brazil, Jefferson, Bear, and Rock Creeks, and the boundaries were drawn on the topographic map of the Red Oak area (pi. 3).
WATER QUALITY
All natural waters contain mineral constituents dissolved from the rocks and soil with which they have been in contact. The concentrations of dissolved constituents largely depend on the type of rock or soil, length of contact time, and pressure and temperature conditions. In addition to these natural conditions, man's activities, such as disposal of wastes, agricultural practices, and activities associated with mineral or fuel production may have significant effects on the chemical quality of surface and ground waters.
The Red Oak area is rural with no industrial development or waste-disposal systems. Septic tanks commonly are used for domestic waste disposal. Cutting of hay is the principal agricultural activity. Harvesting of trees for lumber or firewood is not significant. Several producing natural gas wells have been drilled in the area, but as far as is known, they do not produce salt water. Coal has been surface mined in the area since the 1930's and as of 1973, approximately 480 acres had been disturbed by mining (Johnson, 1974) ; mining was active during the period of data collection for this study.
In natural waters, the major cations calcium, magnesium, and sodium plus potassium--and the major anions--carbonate/bicarbonate, chloride, and sulfate--generally constitute more than 95 percent of the total ions in solution. Water can be typed or classified according to the percentage of each of the major ions. For example, if calcium constitutes more than 50 percent of the cations and sulfate constitutes more than 50 percent of the anions, the water is classified as calcium sulfate type. If none of the cations or anions constitute more than 50 percent of its respective ion group, the water is classed as a mixed type.
Ground Water
Onsite determination of specific conductance and pH and laboratory determinations of chloride, sulfate, iron, and manganese were made on water from 51 wells (table 8) . Water from seven of these wells, ranging in depth from 40 to 233 ft, was analyzed for common constituents and selected trace metals (table 9).
The concentration of dissolved solids may limit the use of water for some purposes. Specific conductance of water from the 51 wells, which ranged from 70 to 3,500 umho (micromhos per centimeter at 25° Celsius) and had a median of 800 nmho, provides a means of estimating the dissolved-solids concentration. The average ratio of measured dissolved-solids concentration to the specific conductance in the Red Oak area, as determined from laboratory analyses, was 0.60. Thus, an approximation of the dissolved-solids concentration, in milligrams per liter, can be obtained by multiplying the specific conductance by 0.60.
Concentrations of dissolved solids determined in the laboratory ranged from 321 to 714 mg/L (milligrams per liter) and had a median of 475 mg/L. Values for pH, determined at the well sites, ranged from 5.5 to 8.7; water from nine wells, or 16 percent, had a pH of less than 7. Concentrations of chloride exceeded 250 mg/L in water from two wells and concentrations of sul fate exceeded 250 mg/L in water from three wells. None of the ground-water samples had concentrations of the toxic elements arsenic, chromium, lead, or mercury exceeding the maximum contaminant levels established by the U.S. Environmental Protection Agency (1976). 
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The trill near diagram ( fig. 8) shows that water from five wells (135 6, and 7) was a sodium carbonate/bicarbonate type. Water from wells 2 and 4 was a mixed cation carbonate/bicarbonate type. Sodium constituted more than 95 percent of the cations in water from wells 1, 3, and 7. This high percentage of sodium has no apparent relationship to well depths, which were 96, 233 and 58 ft, respectively. The low concentrations of chloride in the water preclude natural brine as a potential source of the sodium. Presumably, then, sodium is derived from the rocks with which the water has been in contact, but the geocnemical reactions that might account for such sodium enrichment are not known.
In general, ground water in the Red Oak area is suitable for domestic and stock use. Variations in water type and constituent concentrations are com-F£ ?2oitho?SJ n the Blocker » Stigler, and Rock Island areas (Marcher and others 1981 (Marcher and others , 1983a (Marcher and others , and 1983b . No relationship between ground-water chemistry and well depth, geologic unit, or geographic distribution is apparent in any of the four areas. Figure 8 . Concentrations of dissolved solids in water from Brazil Creek near Red Oak ranged from 31 to 99 mg/L with a mean of 58 mg/L, whereas concentrations in water from Brazil Creek near Walls ranged from 49 to 596 mg/L with a mean of 132 mg/L. The ratios of increase in concentrations of calcium, magnesium, sodium, and potassium were approximately the same as for the dissolved solids, whereas sulfate and alkalinity more than doubled with a corresponding decrease in chloride.
CATIONS PERCENTAGE REACTING VALUES ANIONS
Analysis of variance at the 95-percent probability level for data from all three stations showed that dissolved-solids, calcium, magnesium, sodium, potassium, alkalinity, and sulfate concentrations were not significantly different for Brazil Creek near Red Oak and Rock Creek near Red Oak and that concentrations of these constituents at both stations were significantly different from Brazil Creek near Walls. The analysis of variance also showed that chloride concentrations for Rock Creek near Red Oak and Brazil Creek near Walls were not significantly different and that concentrations at both these stations were significantly different from Brazil Creek near Red Oak.
Stream water normally tends to increase in dissolved-solids concentrations as it moves downstream, thus accounting for some of the increase between the station on Brazil Creek near Red Oak and the station near Walls. Minimum, mean, and maximum concentrations of dissolved solids in water from Rock Creek were nearly the same as that at Brazil Creek near Red Oak, consequently, Rock Creek did not contribute to the increase. Bear Creek, Jefferson Creek, and an unnamed creek flow into Brazil Creek about 4, 2, and 0.7 mi, respectively, upstream from the sampling site near Walls. These tributaries may have accounted for some of the increase in dissolved constituents but no water-quality data are available for any of them. The principal area of recent surface mining is in sec. 17, T.6 N., R.22 E. near the confluence of Bear and Brazil Creeks. Runoff from the mined area may have contributed to the dissolved solids as determined at the station near Walls.
Toxic Elements
Of the toxic elements arsenic, cadmium, chromium, lead, and mercury, all except arsenic exceeded the maximum contaminant levels established for interim primary drinking water standards (U.S. Environmental Protection Agency, 1976) in either the dissolved or suspended phase at least once (table 11). The sources of these elements are not known. Both Rock Creek near Red Oak and Brazil Creek near Walls drain areas of old or recent mining. However, no mining has been done upstream from the Brazil Creek near Red Oak, thus the presence of toxic elements in the water at this site cannot be attributed to mining. Because of the excessive levels of toxic elements at times, water in Brazil and Rock Creeks is not suitable for public supply.
The recommended limits of toxic elements in livestock water are: arsenic, 200 ug/L; cadmium, 50 ug/L; chromium, 1,000 ug/L, lead, 100 ug/L; and mercury, 10 ug/L (National Academy of Sciences and National Academy of Engineering, 1974) . The limits for arsenic, cadmium, and chromium were not exceeded at any of the stations during the sampling period. The limits for lead and mercury were exceeded at times in Brazil Creek near Walls and Rock Creek near Red Oak (table 11) but no information is available as to the effect, if any, on livestock drinking the water. 17 Suspended, recoverable is the amount of a given constituent that is in solution after the part of a representative water-suspended sample that is retained on a 0.45-um membrane filter has been digested by a method (usually using a dilute acid solution) that results in dissolution of only readily soluble substances. y Total, recoverable is the amount of a given constituent that is in solution after a representative water-suspended sediment sample has been digested by a method (usually using a dilute acid solution that results in dissolution of only readily soluble substances.
Aluminum, Iron, and Manganese
The mean dissolved aluminum and iron concentrations were not significantly different at the three stations, whereas the mean concentrations of dissolved manganese at Brazil Creek near Walls was about eight times as great as that for Rock Creek near Red Oak and Brazil Creek near Red Oak. The mean concentration of suspended iron at Brazil Creek near Walls was about two times as great as that at Rock Creek near Red Oak and four times as great as that at Brazil Creek near Red Oak. The mean concentration of suspended manganese at Brazil Creek near Walls was about three times as great as that at Rock Creek near Red Oak and about six times as great as that at Brazil Creek near Red Oak. To summarize, these data show that dissolved manganese, suspended iron, and suspended manganese increase significantly between the sampling sites upstream and downstream from areas of old and recent surface mining.
Suspended Sediment and Streambed Materials
The quantity and characteristics of suspended sediment transported by a stream are affected by many interrelated environmental conditions. Major conditions are quantity and intensity of precipitation, soil characteristics, land cover and use, and length and degree of slope. In the Red Oak area, about onethird of the annual precipitation falls during thunderstorms of varying intensity in spring and early summer; the largest sediment loads can be expected during this time.
The two major soil associations in Brazil Creek basin are the Lee-PhiloPope and the Hector-Linker-Enders (Brinlee and Wilson, 1981) . Lee-Philo-Pope soils are alluvial and occur in nearly level to gently-sloping bottomlands. The surface cover is predominantly grass used for pasture. Lee and Philo soils have silty loam surface layers and silty clay loam subsoils. Pope soils consist of sandy loam throughout the profile. The Hector-Linker-Enders association consists of loamy soils in gently sloping to steep areas generally under forest cover. Hector soils have shallow profiles whereas Linker soils have deep profiles; both were formed primarily from sandstone. Enders soils were formed from shales and have deep profiles.
Suspended-sediment samples from streams in the Red Oak area were collected irrespective of stream stage, either rising or falling, and seldom corresponded to peak discharge. The frequency of sampling was periodic. Samples were taken with a depth-integrating sampler, usually at several verticals in the stream cross section. Each vertically-sampled zone extended from the water surface to about 0.3 ft above the streambed, a limit established by nozzle and sample shape. Suspended-sediment concentration is the velocity-weighted concentration in the sampled zone expressed as milligrams of dry sediment per liter of watersediment mixture. Suspended-sediment discharge is expressed in tons per day.
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The relationship between stream discharge and suspended-sediment discharge is fairly well defined for Brazil Creek near Walls ( fig. 10 ) and Rock Creek near Red Oak at discharges greater than 10 ft3 /s although additional samples at discharges greater than 100 ft3 /s would be desirable. The relationship at Brazil Creek near Red Oak is not well defined because of the lack of data at discharges greater than 15 ft 3/s. Some scatter of the data points on the graph is attributed to plotting data provided by samples collected during both rising and falling stages. Under such conditions, such scatter is not unrealistic because rising-stage discharge would be expected to transport significantly more sediment than falling-stage discharge. Also, some scatter is inherent with low-flow sampling. Suspended-sediment data are summarized in table 12 and all available data given in tables 13-15. Particle-size determinations separate the sediment into sand (diameters greater than 0.062 millimeter) and silt-clay (diameters less than 0.062 millimeter). As would be expected in an area with predominantly loamy soils, the median for the silt-clay fraction was 93 percent for Brazil Creek near Red Oak, 90 percent for Rock Creek near Red Oak, and 96 percent for Brazil Creek near Walls (table 12) .
Analyses of streambed materials show that concentrations of aluminum, copper, iron, lead, and manganese were extremely variable (table 16). The sources of these elements are not known. The causes for the extreme variations probably are related to sampling periods and techniques. 11, 10, 18, 05, 11, 10, 18, 18, 05, 10, 09, 1979 1979 1980 1980 1979 1979 1980 1980 1980 1979 1979 1980 1979 1979 1980 1980 1979 1979 1980 1980 1980 1979 1979 1980 Nitrogen ( Water in abandoned surface-mine ponds constitutes a valuable resource in the Oklahoma coal field where the availability of ground water is limited and most streams have no flow several months of the year. As part of a regional study of coal-field hydrology, selected water-quality data have been collected at 57 mine ponds; one of those ponds is in the Red Oak area (pi. 2). Profiles of temperature, specific conductance, and pH were made at three sites on this pond and water samples were analyzed in the laboratory for chloride, sulfate, iron, and manganese. Comparison of the data from this pond with that from other ponds of similar age elsewhere in the southern part of the coal field shows that the quality is about the same except that concentrations of manganese are greater. Spoil adjacent to this pond has not been reclaimed but is vegetated to varying degrees with trees, brush, and weeds. Water in the pond, which is used for livestock, is derived mainly from runoff from the adjacent spoil and direct precipitation.
The chemical quality of water in the pond (table 17) varies with location, time, and depth. In general, specific conductance, which is an approximation of dissolved-sol ids concentrations, ranges from a minimum of 150 umho near the pond surface to a maximum 250 umho near the bottom. The pH of the water increases with depth but generally is greater than 7, indicating that the water is alkaline.
Another mine pond in the SW 1/4, sec. 16, T.6 N., R.21 E. is the water supply for the town of Red Oak (population 676 in 1980) at the southern edge of the area. Water from the pond is treated by coagulation, filtration, and addition of lime to reduce corrosiveness. Analyses by the Oklahoma Department of Health from 1979 to 1982 show that none of the toxic elements arsenic, cadmium, chromium, lead, mercury, selenium, or si Tver--exceeded the maximum contaminant levels established by the U.S. Environmental Protection Agency (1976).
WATER DEVELOPMENT AND USE
Wells are the source of water for rural domestic supply in the Red Oak area. Of the wells inventoried for this study, mostly in 1978-79, 55 were in use; a few additional wells may have been drilled since that time. Total ground-water use is estimated to be about 12,000 gal/d. Water supply for the town of Red Oak is taken from a mine pond as noted in the preceding paragraph; the amount of water used averages 50,000 gal/d (Oklahoma State Department of Health, 1983) .
Water for livestock is provided mainly by streams, mine ponds, and approximately 300 farm ponds constructed primarily for this purpose. The amount of water used for stock is estimated at 100,000 gal/d. Streams in the area are ephemeral and therefore provide only limited habitat for wildlife, and they do not support fish of interest to fishermen. A few of the larger farm ponds have been stocked with fish and some may be used occasionally for boating or swimming. Surface mining for coal and subsequent reclamation may cause beneficial or adverse changes in the hydro!ogic environment; these changes may be either short or long term. The following description of the mining process as practiced in Oklahoma is summarized from Johnson (1974) to show how some of these changes may occur. The first step in the mining operation ( fig. 11) is to remove and stockpile the topsoil. Next, a trench is dug through the overburden to expose the coal which is then removed. As each succeeding cut is made, the overburden or spoil is placed in the cut previously excavated. Successive cuts are mined until the overburden thickness becomes so great, usually 100-150 ft, that the coal can no longer be mined profitably. The final cut leaves an open cut bounded by the last spoil pile on one side and the undisturbed highwall on the other. Reclamation involves grading the spoil to a rolling topography, replacing the topsoil, adding lime or fertilizer as needed, and seeding with pasture grasses or legumes. The final mine cut and other depressions left in the reclaimed area partly fill with water from runoff and ground-water seepage.
A significant change in the hydrologic environment resulting from mining is the creation of additional storage of water in the last mine cut shown in figure 11 . A mine pond 0.5 mi long, 200 ft wide, and containing 30 ft of water has a volume of about 360 acre-ft. Such a pond provides habitat for wildlife and some have been stocked with fish. Also, water from the ponds may be used for stock, domestic, municipal, and irrigation supply if the quality is suitable. As presented elsewhere in this report (table 17) , water in at least one mine pond has low concentrations of dissolved solids as indicated by the specific conductance of 150 to 520 iimho and is not acidic. Although water from this pond has relatively large concentrations of iron and manganese, these constituents are readily removed by aeration or filtration. Another mine pond provides water for the town of Red Oak and analyses by the Oklahoma State Department of Health show that the water did not contain excessive levels of toxic elements. In addition to increasing the storage of water in mine ponds, other changes in the hydrologic environment might include: (1) Changes in permeability and ground-water storage, (2) changes in runoff and streamflow characteristics, (3) changes in drainage patterns, (4) changes in the chemical quality of water, and (5) changes in the sediment loads of streams.
1. Changes in permeability and ground-water storage:
Overburden in the Red Oak area consists of shale and siltstone which have limited porosity and permeability. During mining, however, the overburden is broken and shattered to produce spoil with many openings that facilitate the entry, movement, and storage of ground water. The volume of water entering the spoil is controlled partly by the permeability of the surface and near-surface material. Where that material consists of silt and clay, openings may be plugged, thus limiting the volume and rate of infiltration. Eventually, however, the spoil will become saturated below a certain depth. If the void space, or porosity, of the spoil is assumed to be 5 percent, then a square mile of spoil with a saturated thickness of 50 ft would contain about 1,600 acre-ft or about 500 million gallons of water. Water stored in the spoil may be slowly discharged to streams, used by plants, or move into adjacent bedrock.
Changes in runoff and streamflow characteristics:
Surface mines in the Red Oak area, as in most of the Oklahoma coal field, are in valleys where the land is used mainly for unmanaged pastures of native grasses. Where appropriate reclamation practices are followed and the new pastures are properly managed, particularly by preventing overgrazing, the new vegetation generally is more lush and has a denser growth than the original native vegetation. The denser plant growth tends to retard storm runoff so that it has more time to soak into the spoil and, as a consequence, less water reaches the streams during times of normally peak flow. Conversely, water stored in the spoil is slowly released to streams thereby maintaining baseflow for a longer period of time following rainfall. For example, the baseflow of Coal Creek in eastern Haskell County is partly maintained by drainage from spoil and mine ponds. Coal Creek has a basin of 18.1 mi'2 of which about 5 percent is unreclaimed spoil and ponds. During the 1979-81 water years, the creek had no flow for only 6 days. During the same period, Brazil Creek in the Red Oak area with a basin of 69.1 mi2 had no flow for 112 days indicating that water stored in the spoil in the Red Oak area does not contribute significantly to baseflow.
The overall changes in runoff and streamflow resulting from mining may include reduced peak flows, longer periods of baseflow, and decreased total runoff. However, the magnitude of these changes would vary from basin to basin depending on the physical characteristics of each, the locations of mines in relation to streams, and the proportions of each basin disrupted by mining. Surface mining may cause changes in drainage patterns by filling drainageways with spoil, mining across drainageways, and diversions necessary to keep runoff from entering active mines. In the Red Oak area, several small drainageways terminate in mine ponds as, for example, in the SE 1/4, sec. 14, T.6 N., R.21 E.; other drainageways have been diverted around ponds and spoil. These changes are of limited extent and do not have any apparent effect on the hydro!ogic system.
Changes in the chemical quality of water:
Minerals in the overburden and coal are approximately in equilibrium with their environment as long as that environment remains unchanged. Mining, however, disturbs that equilibrium and the minerals react with various components of their new environment, such as water and oxygen. For example, pyrite, which is commonly associated with coal, reacts with water and oxygen to release iron and sulfate and to increase the acidity of the water. Other chemical reactions, especially in the presence of pyrite, may result in the release of various trace elements such as lead, copper, and zinc that may be present in the coal or overburden. As a consequence of these reactions, new and generally undesirable chemicals may be added to the hydro!ogic system.
The available data for the Red Oak area (table 10) show that mean concentrations of dissolved solids in Brazil Creek increased from 58 mg/L to 132 mg/L between the sampling sites upstream and downstream from areas of old and recent mining. Some of the increase may be natural because concentrations of dissolved solids normally tend to increase downstream. Some of the increase may be due to the addition of dissolved solids from Jefferson and Bear Creek and some may be due to runoff from mine areas.
The general direction of ground-water movement coincides with the slope of the land surface, thus any change in the chemical quality of ground water would occur downvalley from the mine areas. However, the rocks have very small permeability and the gradient of the potentiometric surface is only about 10 ft/mi, thus the movement of the water is very slow so that any change would require a long period of time. Furthermore, water that might be derived by seepage from mine ponds is not highly mineralized and therefore would not contribute greatly to the dissolved-solids concentration of the ground water. Finally, because of the natural variability in the chemical quality of ground water, any changes would be difficult or impossible to detect without continuous monitoring of water quality in strategically located wells. 41 5. Changes in sediment discharge:
Disruption of the land surface during mining and before the spoil is fully reclaimed will increase the quantity of sediment available to streams. However, if appropriate mining practices are followed, such as the use of settling ponds, the quantity of sediment added to the streams can be decreased. Likewise, the time available for addition of sediment can be decreased if the spoil is revegetated rapidly and effectively, including restriction of grazing until the plants have become well established.
The suspended-sediment data available for the Red Oak area (table 13) show that the median concentrations in Brazil Creek increased from 20 mg/L upstream from the mine areas to 62 mg/L downstream from those areas. Rock Creek apparently was not a source in the increased sediment because the median concentration for that stream was only 16 mg/L. Therefore, the sediment must have been added to Brazil Creek between its confluence with Rock Creek and the sampling station near Walls. The likely sources for the additional sediment were Jefferson Creek, Bear Creek, and the areas being mined during the sampling period.
SUMMARY
The water resources of the Red Oak area are limited. Wells generally yield enough water for domestic and stock supplies but larger amounts of ground water are not available. Streams do not flow about 2 months of the year and their flow is less than 1 ftVs about 3 months of the year. Thus, streams are not a dependable source of water without storage reservoirs and they provide only limited habitat for wildlife.
Ground water generally is suitable for domestic use although the quality is extremely variable; the causes of these variations are not known. Concentrations of dissolved solids and suspended sediment increased between sampling sites upstream and downstream from areas of old and active mining. Part of these increases may have been natural but part may have been caused by mining. Because of the excessive levels of toxic elements at times, water in Brazil and Rock Creeks is not suitable for public supply. Current and future mining will provide additional storage of water in mine ponds and other ponds constructed during reclamation of the mine areas. Although mining may increase the concentrations of dissolved solids and sediment in streams, these increases can be reduced if appropriate mining practices are followed and reclamation is done quickly and effectively. 
